We propose a fast method for generating digital Fresnel holograms based on an interpolated wavefront-recording plane (IWRP) approach. Our method can be divided into two stages. First, a small, virtual IWRP is derived in a computational-free manner. Second, the IWRP is expanded into a Fresnel hologram with a pair of fast Fourier transform processes, which are realized with the graphic processing unit (GPU). We demonstrate state-of-the-art experimental results, capable of generating a 2048x2048 Fresnel hologram of around 6 4 10  object points at a rate of over 40 frames per second.
Introduction
Past research has demonstrated that the Fresnel hologram of a three-dimensional scene can be generated numerically by computing the fringe patterns emerged from each object point to the hologram plane. In brief, given a scene is of self-illuminating object , xy on the diffraction plane, 2/ k   is the wavenumber and  is the wavelength of the light. Although the method is effective, the computation involved in generating a hologram is extremely high. In the past lots of research attempts have been conducted to overcome the above problems, such as the works developed in [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Recently, a fast method has been reported by Shimobaba et al. in [13] . In their approach, Eq. (1) is first applied to compute the fringe pattern of each object point within a small window on a virtual wavefront recording plane (WRP) which is placed very close to the scene. Subsequently, the hologram is generated from the WRP with Fresnel diffraction. However, as the number of object points increases, the time taken to derive the WRP will be lengthened in a linear manner and real-time generation of holographic video sequence is not possible. In this paper, a method to overcome the limitation in [13] , is proposed. Essentially, we have formulated a novel, computation-free algorithm for generating what we call an interpolated WRP (IWRP). We then expand the IWRP into a Fresnel hologram. Experimental evaluation demonstrates that our proposed method is capable of generating a 2048x2048 hologram for an object scene with around 6 4 10  object points in less than 25ms.
Background of the wavefront-recording plane (WRP) method
For clarity of explanation, a brief outline of the method in [13] is summarized in this section.
To begin with, the following terminology is adopted. The hologram   As the object scene is very close to the WRP, the diffracted beam of each object point is assumed to cover a small square window of size WW  (hereafter refer as the virtual window). As such, Eq. (2) can be rewritten as L is the mean perpendicular distance of the object points to the WRP, and  is the arithmetic operations involved in computing the wavefront contributed by each object point. In the second stage, the WRP is expanded to the hologram as
where   
 
, F h x y   can be pre-computed in advance, and hence it is only necessary to compute the forward and an inverse Fourier transform operations. As reported in the article, these two processes can be conducted swiftly with GPU.
Proposed computational-free interpolated wavefront-recording plane (IWRP) method
Our proposed method is described as follows. First, we note that the resolution of the scene image is generally smaller than that of the hologram. Hence, it is unnecessary to convert every object point of the scene to its wavefront on the WRP. On this basis, we propose to subsample the scene image evenly by M times (where 0 M  ) along the horizontal and the vertical directions. Let 
We point out that the square supports of adjacent sample points are non-overlapping and just touching each other at their boundaries. Next, we assume the contribution of each sample point is contributing to a square virtual window in the WRP with side length equals to Mp as shown in Fig. 1b . The virtual window is aligned with the square support of the object point, and the wavefront within the virtual window is only contributed by the object point in the square support. Under this approximation, Eq. (2) We have assumed that the number of object points and hologram pixels are identical. From the result, it can be seen that the hologram generation time is very short as it only involves table lookup and data transfer between memory arrays. For a hologram (as well as image size) of 2048x2048 pixels, our proposed method is capable of attaining a generation speed of over 40 frames per second. 
Conclusion
In this paper, we propose a method for real-time generation of Fresnel holograms. A proposed interpolated wavefront recording plane (IWRP) is first constructed with a computation-free process. Subsequently, the IWRP is expanded into a Fresnel hologram via a pair of fast Fourier transform operations that are realized with the GPU. Based on our method a hologram size of 2048x2048, representing an image scene comprising of over 6 4 10  points, can be generated in less than 25ms, equivalent to 40 frames per second. These results correspond to state-of-the-art speed in the calculation of CGH.
